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1020030016113 #^ 2003/9/17 

^-B- ^^-7] * ol^ *|H ^{A Fiber Amplifier and A Controlling Method of the 

same} 

£ l-Br ^AH}ofl OHE- 3M?}-fi- ^7)7> ^-§-5)^ ^g^Sl t+ 

51 3^r 51 2°fl £Al^ ^ o_ -i^oflAi 7}~§- o}S. 7l^# ^*Kr *)H<>1 

51 6^ ^ afll ^aHH] ^5} 7]-=- ol^.^^ 7)^-0] ^ o. ^ 7]o11 ^ 

£ 7^ 7}^ #^ efl^ *)H 71^* 7}x]±r ^12 ^*HH nfa ^ o. 

51 8£ 51 7°fl 2.^ ^-fi- f^HH 7>-^ #3 s}-^ eflt aflo^l^i- ^*§z>\±r 1- 
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1020030016113 #3 ^7}: 2003/9/17 

£ 9tt ^3 A2 ^lo|b| x^e} %:% 4^ 5)1^ *|H 7l^o] ^^-^ ^-R" 

^#7)cHl^o] ol^-(G)4 ^-^1 ^(NF)# 5L^ oluf. 

^-^] 

<10> ^-^o. W ^ ^ o]^ >fl<H*fHH a*] ol^. ^0.5. ^ 

<11> ^ e -g-^*V ^^H] ^01^ ^4, -g-Bto] ^A7} ^-^^1 ^7]-^-JI ^cfl, Sj-^ 

^rtb^HHwavelength division multiplexing, o]*} 'WDM'°le|- tr) -*1^^3xr 3l 

#71^ 7fl^-ol ^30]^ <>1#^7>^-^ ^7] (Erbium doped fiber amplifier, o)f>} 

'EDFA'Hr ^-B- ^ ^#71 (fiber Raman amplifier, °}?>} 'FRA' )-§-£] 3M3-fr #^7l 

7> ^ MH= (gain bandwidth)* 7Mn <^o] ffDM a] ^0^0] ^^7] 5. -B--g-s>7fl 

<13> S\^2) Aj^Efl o. ^ ^| MIH^H. A]^EflO. S A^ ^ -§-^ 

(flexibility)^ 7^1^ ^o] ^.S-fVt-fl , Jf-er] ^ -g-^o] ^^o] 7>^-*H °> °H , ^ 

# -g-^ *m (signal channel) ^3. ^^Tr^l , *flv^ ^7}- 

(add) SE^ ^(drop)°fl Aj^Eflo] ^ ^jo] u^^cf . 
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1020030016113 9J*>: 2003/9/17 

WDM %^ ^ o. ^ 7l# o. ^j. ^fl^o] ^ 7 |. oj 

a #sMq 7r ^ef^m, ^7l<HMS] ol^.( gain )ol ^^1^ ^-^o] fl^tf. ol^tb 

* Sfl^W 3*fl*1*r, ^7l7> O]^ Efl*i# -y^^Tll -fr*l*Hr 7^ O]^ afto} 

(automatic gain control, °1^V 'AGC'&r U") 71^^ 7>^o> tr 1 }. 

Str #£fl^ -£^3. 7 H <4^, (span) 2] cfs^uj- 7]T% *3 3 Si A 

<?]oil ^ ^ (span loss) 0 ! *r Slfe^, ^ £^o] cj-e.^ ^7] 

3 <y§M cfHn^ #a ^o] iJ-B^cHr nJ-eW, ^ 

°1 ^-ef^lcl^S. °J^tr *r °J5L^- 7l^<y #^ efl^ *|H 

(automatic level control, °1^> 'ALC'Bf tr) 7l^o] sJ^J-t)-. 

^7)(s.§i EDFA)^ *) #7ltr AGC, ALC£] 7l^# ^4^-0] fe^-, 

.s-*) ^tS.& w> K. Motoshima (IEEE Journal of Lightwave Technology, Vol.19, 

No. 11, pp. 1759-1767, Nov. 2001) -f-gr 3^ o]^.m^- 7}*}^ EDFA°fl *\ A °\^^^\ ^# 
^ S-ME-ltr 3s 4 o]s.«-s.ig s AGC 3j5.<*)| ^B. £M.2.;E.( laser diode; °1*> 

'LD'Bf f-)^ a^fAS^ AGC$] 71^-a- ^-^^>^q-. SEtr #7) #^ 

°fl^1 ^ 43 « ^B]^ (filtering)^ ^Jtr ^ °1 #437} °J^^£^- 1^4 2^ 

*>°H ¥tl 7>^ ^-^-^7] (variable optical attenuator)* ^jf^ ALC^ 7]^-°r ^ 

A oM fe^-ofl^ ^ a] SJ ojo^ofl^ 7 ].^ Hj-Alcq AGC> y^o] « o >^ o1 j^s} «]. ol 

K. Motoshima^] fe^HH^ ^-o] s}.^^. ^^^^ Hj-^o] 7l#*}_°5. 7> 

# ^s]ZL, nvtr 3-5.3. <£e^ 5><tf. 
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1020030016113 #^ <H*}: 2003/9/17 

<18> n&m, ^-71^ *r-£<H] 7)*m H o V lH 4^3, AGC ^ ALC» ^^^>7l ^Sfl 2J- o]s.m.^ 

(transient effects)* ^*7l ^sfl^H ^is) m}^ ^£ (< 5usec)^ *1H 3*3. 

7> iliLSm ^fl^H ol^Cf. 

°1^JI7> 5^ 7]#^ jOf^J 

<19> £. «V^ol ol^.j7^> ^ 71 #^ j^fe #71^- ^Efl 71 sfl^^l ^ *V ^ 

-f-Sfl AGC, ALC 7l^g- ^^H, <gej *fl^ ^M- ^ sHH «1$M 
^^^r sfl^ #3* *\7) ^tr 

<20> HLfV, HB>^ SIS.* °1 ^CM^A^E, #^^o]]A^ ^O-^ 

^^l^>7l 3tb AGC, ALC ^* *W*r7l 3^ 

<21> ol^- ^ JZ-^ iH^M ^tb s.^ofl Of^ %MO_ ^S. 7] ^ 

<22> ^1 ^o.^ *)H ^5. eflol^ Cfol^r= # 7M^ ( ^ ± ^ 01^-O.S. 

*lll# 

<23> ^2 ^-^-Sf *fl2 efl^l^ cfol^ # 7 }*H, AM *U3: ^71^1 #^ ^Al 

iHN^lfe *)12# ^7l; 
<24> ^13 *\)3 31 °1 *| Cfo^c^- 71-xH, Aj-7l ^7] 5^ 

^-i- ±.3 *1]3^ #^7l; ^ 
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1020030016113 #3 ^7}: 2003/9/17 

<25> #71 m# ^7}o\] %2) ^* ^#*H °J ^ 

^1, $3 #43^ £_3M # 7 1 ^ncj ^^7l^ #71 ^1 elH*l rl-cl^co^ #-g- 

jl^Aj^l 5fl #71 2)1212 ^7)31 #7l A]2 Bflo]^ cfol^c £ ^ ^13^- ^71^1 

#7l ^113 5flol7^ Cfol^c^l 4^1 « ^^tb °1^§- ^Rr 7f^- ojs. 

<26> cfs- tr)-€- ##-fr #^7l^ 

<27> ##-fi-<4 jgn elicit c}.ol.2_2=«- 7^H, ^ ^ 0IS.0.S 

*fll# #^7l; 

<28> 2112 2112 511 Ol 7-1 ^1^« 7MH, #71 2111^ ^7121 #3#-g- ^A] 

*H Bj-tM^* ^M^lfe 2112^- #^7l; 

<29> 2113 ^-fr^ 2)13 ^ = BflolTl Cfoj^xE.!- 7>*H, #7l 2fl2^ ^^S^-E^ 

^ o)^0_S_ #-if*H_r *\)3& ^71; ^ 

<30> #71 2)11^ #^7H1 ^S}^ %9] ^Al^H S.^ *flv|ol oga ^-tzJ-^o) 

^» *H3*>JL, ^ ^ ^Sl ^Sl #71 2)11^- ^71^1 #7l 2J11 Ell °1 7-1 

cl-ol^.x= 01 jfj 3i ^ Jl^Al^l 5fl #7l 2112^: ^71^1 #71 2II2 ^^eflolTl cfo^c s - 
#71 21132- ^71^1 #7l 2113 cfol^co] 5gH. H}-^!- 2lH^>o^ #^ 3* 

^ 3l«- ^5L^- ^ 7^ #3 ^ efl*£ ^H«-l- if-tj-cf. 

<31> ^. ^-tgol t£ q-^ -Hf-^ofl Of^ ^ o. ^71^ 

<32> ^o.<^ ^1 ell °1 7-1 Cfol^cS. 7 ^H ( OJ^ ^-o. ^ olS-O.^. ^-*Rr 

2111^" ^71; 
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<33> *|}2 A\2 efl°l*l cfol^c^- 7 M°1, #7l ^)1^ #^7lsl #^ #-g- ^A] 

*M <^m* ^-^^1 *fl2^ ^71; 

<34> ^13 ^-B-af ^13 51] Cfoj^JEL-^ 7>*H, #7l ^12^: ^7}S.^n] 

<35> # 7 i *iu# ^7i<Hi °g=]5]^ #21 ^-^-i- <im %mw ^sh^* *na*i- 

jl, ^ #43^ ^Sj-^l #7l ^7l^ #7l afll eflo]^ Cfolj^c o} ^ ^ 

-H^m ^fl A oM ^2^: ^71^ #7l ^2 slH^ cfol^c S ^ # 7 1 *fl3^ ^-7l<>| 
A o V 7l ^13 Ag = eflo]^ Cfol^c iflir 40^ ojs.^- ^£L^ ^ ^ ojs- 

<36> #7] ^71 ofl ^^5]^ ^-Sl ^Jf* ^ *fl^ o] a ^ #$.cz\ 

^# ^H^KH, S.^ #7l ^#7)^ ^-7) ^1 4gH eflo]^ 

tq-ol ^E£l ^ 3L JI^Al^l # 7 1 ^12^ #^7l^ #7l *fl2 cfo]^^ 

A o V 7l ^13^ ^^71^ #71 ^3 ^5. 511 °1 *1 Cf^^c^ jxj-o^ #3 S}- 

3 31 «: ^51^- *}tt ^ 3l*g ^H«-l- i^-t!r4. 

<37> ^J-rgo^ s^iofl 4^ ^ o. ^7]^ ^c>|a o l-^^ 

<38> ^11 ^-R-Ss}- afll 5fl^7l 7Mo] <^ ^ ^ oj^O.^ ^*Kr 

*flHcb ^7l, *fl2 *112 511 °1 *1 4°1^* 7>^H #7l ^11^- ^71^1 

* ^1*V<^ ^^l^-l- ^^^1 71 ^2^ ^#71, ^ ^13 *fl3 Sflol^ Cfol^c 

# 7H^ #71 ^2 ^71^.^-Ei #^£l^ ^ ol^-o.^ #^*>^ 311312- ^7l» 
^ ^-n- ^71^1 ^H^^o.^, 
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1020030016113 %^ 2003/9/17 

<39> (a) #7l *fll# ^7)oj) og^s|^ ^ 2.u)e^^ c^l ; 

<40> (b) ^ofl sfl^Kr ^Rr #31; ^ 

<41> ( C ) #7] ^sfl^l jg= Sj-^ofl 71 #7l *fl2 $2. Bflol^ Cfol^c ^i=. # 7 | ^3 

^5. efl^l^i cfo^co^ ^ H 4^)1- 2)H*M o^^^v o] ^^_ ^ 3-3] = if-^Vcf. 

<42> M^o} ^ Ji-^lofl 4^" ^-B- ^71 ^IH^^: 

<43> ^11 ^ o.^ ^11 efl ol z\ cfoi^^^. 7}^ oja ^ ^ ol^o.^ ^1 

1# #^-71, all 2 ^)12 eflo]^ cfol^j=# 7}^H #7l ^11^ 2,3-7] 

^41 *H ^^Itt A]2^ ^7], ^ ^13 ^-^-B-Sf ^13 gfl o] ^ Cfol^£L§ 

7>^H #71 ^]2^r ^#7ls.^-El #^£l^ 4^ 01^.0.5. ^s>^ ^13^: #^7l# if- 

<44 > (a) #7] *flra- #^7H1 oj^s)^ s.>g ^^o] ^ 40^ 
^1; 

<45> (b) ^ sj-^cHl sfl^V^ sHfl* ^Til; ^ 

<46> (c) #71 ^Sfl^l S^-H 7l3iSH #7l ^12 eflol7-l Cfoj^c SE^fr #7l *fl3 

<47> ^HH^ i^-i- -^AHlol] cfl^-c^ ^flisrl 

<48> £ i^. M. wV^o] ^AHlofl 4a ^.o. ^7l7> 7l£-*}<y uJ-E}tfl 

i^olcf. 

<49> 51 ^-B" ^7] Si 71^- 3^-Sl ^71 7HH SJcf. 
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1020030016113 #3 ^^>: 2003/9/17 

<50> ^, £ o)-= ^ o. ^7i^ ^i^. ^a.7l<y ^5L o]= £ 

^- ^€ ^#^7> ^^7](EDFA)(100), *l]2# #^7l<y ^^^-a-(DCF)# -^«<R> 

(backward pumping)^H 5}°V ol^-g. <£i^- *V ^ (dispersion 

compensating Raman amplifier, DCRAX200), n^JL ^13^: ^^-7]o] ^-g. f^sH^-i- ^ 
&IiM=- EDFA (300)^ 3^-2] §^-7l ^3<H $£4. 

<5i> ojs. sgEj-sl- ^EKgain flattening filter, GFF)(400)7>DCRA(200)2f EDFA(300)a)- 

<52> 51 HM, #^7|(100)fe #^-fr ^^Ei(llO), ^^71(120), <H#^7> ^-B- 

(EDF)(130), ^#3(140) ^ |£ Ello^l 4°l-£-^-(150)# S^t}. 
<53> EDF(130)^r ^-a- ^^(110)-!- ^-tfl ^aI^ji, 3gxr LD(150)^ ^ 

^#s](140)l- ^ EDF(130H1 ^a]^ o]^ ^Aj^lcf. ^^71(120)^ 

EDF( 130)5.^- b\ ^-fh ^^1(110)3.^ £]aU}(back-ref lection)^ <S%^ <&°1\7} ^*fl 

<54> 5L l^Hfe ^« 0 >^ ^ oj-g-^ji o! 0.14 ( forward pumping) 

°^^r ^ (bi-directional pumping) ^^.3. ^ u o v ^# ^sMz] *r &tf. -^a] 
s^Kgr 980nmS. ^>^cf. 

<55> £ 1°1H , ^Ji^^-a- ^-§M(200)^r ^a.^-^-R-(DCF)(210), ^l-ei(220) ^ ^ 

= eiH^ cfol^c (230)1- i^tr^r. 
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<56> DCF(210)b ^S.^ ^-^-(single-mode fiber, °1*> SMF5}- f-HHo) ^Kg. cq 

*fl ^V-§-€^. °H, DCF(210)^ ^o]^ ^^a]o] ^uj.^ (1-span)^ zjojoll ^3 

DCF S.^* ypf^ ^ 5*51^- ^-n- 5^33. <&%.S)%L^. 

<57> ^H. LD(230)^ 5^n>(Raman) o^-fr <g.g. oi^ sj-^-jq. 

<58> aJaHH^ 3g s LD^ ^7) (depolarizer)-! °1 -§-*}7i , ^ sj-^o] 

^ 27fl2] LD» ^^(polarization beam combiner; PBC)S °l-g-*> 

<59> 3gs LD(230HH M-^r ^^s^ (220)1- DCF(210)5. ^r^M, o] nfl a} 

<eo> £ id\)*] t EDFA(300)b LD(320, 350), EDF(330), ?H-ei(310, 340)1- S#3h}. 

<6i> EDF(330)^ LD(320, 350)^1 £}*H ^^H, ^5. LD(320, 350HH H-£r 

^ ^«si(310, 340)1- *<5H EDF(330)S. ^slcf. £ io\]X\ t EDFA(300)b ^ 
"c v ^* °]-§-*KlL (forward pumping) SE^ ^« 0 >^ ^ 

(backward-pumping)^* °l-§-tr ^ ^-i: °1-B-^" 4 s l^^l ^A]^ofl^ 

LD(320)b 980nm, LD(350)^r 1480nm s}-^* °l-g-*r^4. 

<62> £ iofl^ ^ o. ^ 7] ^ oj^ ^sHl 4e} Ai^o] 03 ^ o)s.ol ^e|. 

*}--§- oj-^. *\}o] (automatic gain control)7 r ll^l-Tfl 
<63> i 2^ o}^ *f)<H 7Mb *fll ^a]^cH) a), a ^ o. -^ 7l o) ^ 

SI- M-^fe £^0)4. 
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<?1 EDFA(IOO), ^12^- #^7l<y ^7] (DCRAX200) , *fl3^ f^7]<£ EDFA (300), 

€B^(GFF)(400)5f 7>-§- o]^ ^^«.(5oo)» S#^t|-. 
<65> i£^o} ^! ^Al^jofl rn)-^., EDFA(IOO), DCRA(200), EDFA(300) ^ sg^-sj. 3^ 

(400)3] 7l^ ^ £ ld\}*) ^^fl 7]^ ^ ^^-^ ^ ^SH, <^HH^r #43^ 

<66> H 2 °\)*\, *W ^1^-^(500)^ ^(510), # ^#7l(photo detector; 'PD')(520), 

*lH-*f(530) ^ 4^ 3Ml-(540)-g: 
<67> ^ o. ^^(no)* -g-sfl <£a}-s)^ oj^^. - oj^ 7} . ^(510)^- f-sfl o]s. ^ 

(500)5 <^^€cf. % ^#71(520)^ ^(510)^- -f-sfl %S>) 3[$[d\) cH-g-^ #7}*\ 

« £ 2^1^, ^(510)^1^ % ^#7] (520)5 <£^S\JL %*±2.7\ % 

^^-o]ji ) L2^ ^71^1 s_ 7 \ Al^^ojcf. 

<68> ^o]«.(530)^ # 3#7l(520)5-f E] ^71^1^1- ^ISJ-JI, °m el] ^fl 

-§-*Rr ^71 Al^ofl 7l^*V^ ojej 3g-o] ^e>°i^l c^«.^. ^*Vt}. ^ tfl o] ^- ( 540 ) ^ ^ 
^(530) <H1 ^^5]^ ^71 Us. 3H1 tfl-§-<^ LD^ ^ *Iff- 7]^>ji o^cf. 

<69> 51 3£r 7^11 ^Al^ofl rc^ o]^ *\]o] ufEl-vH^ ^Sx>Bo]cf. 

<70> £30)1 H><4 z\]o]*( 530 )^ £u] ^>Jl(S100) , 

^ 3Hl-(540)-g: ^Afl^o^ ^ofl Sfl^s>^ ^H^s ^-oj-xflcf. (S120) ZLE) 

Jl, DCF^ ^o]Al7i(^-o| DCF» -f-^TrDl] Sfl^Kr ^lTi^ *l<3*m ^ 

(S130), -i^3M #(540)5^ 5*$H 7]^«H ^5. BjM*] 
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(230,320,350)^ 2^W.(S140) ne^Jl, «V 

43 *r*8^h (S150) 

XI 1 ^HH nJ-E- <>1^ *I|<H a o V ^-8: J£4 ^^113-2.5. -i^*>^, X|<H^-(530) 
A €t!r lH ^ LD( 230 ,320, 350)^ ^ 

* €ff-l- ^ *M ^-(540)5. -»M £M£-t]-. ZL^ZL, 4°]^r(530)^ &*VtL^M210m <Q 
51 ^SRr ^^(^olAl^V) n>3. ^o^Al^l -Hj-oj Eflol ^(540)5. ^5. # 

fl- *H nj-ef ^ = LD(230, 320, 350)* °1 "11, •& af|i ^Hofl uj-s , ^ 

^7l(100)^| LD2] sj-^^ S^>*1 DCRA(200)^1 $5. LD(230)2f EDFA(300)£] ^ 

H LD(320,350) 1 ?]:^: iE*h ^a^H 42^, ^ ^ 

^(rangeHH^r ^1# ^7] (100)^ LD^ 4^^- DCRA(200)^ & H. LD(230)^ 

31^a1^1 ^fl, EDFA(300)51 LD(320,350) 1 ?]-* ^13^ *flo^ ^51 ^cf. 



X]l ^HH ^(510)^4- # ^#71(520)^ ^ ^ 

(100)^1 #3, DCRA(200)^ <£#^, EDFA(300)2] <y#^Hl ^ ^*HH^ #43* 

£ 4^ O]^- ^)o] 7^-j- 71^1 nfl£] #3^^ ^-g-^^ <4E}tfl 

-31, 51 5tt *fll ^Al^ofl u}-^ x}3§- o]^ ^)o] ^^-A)^ nflo} ^o^o] ^ 

£14 ^ 51 5^ , ^ ^ 807Hl A i 407)15. (3dB SE^r 4071HH 8 07flS. 

(3dB #7»S ^^Al^o.^, ol nflo^ oj^ -21dBmAS. ^>^^. 
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1020030016113 #^ ^a}: 2003/9/17 

<75> s. 4^ *fl\3 ^7} 3dB ^7} #± nfl *fli ci-, ^2 ^r(DCRA) , ^13 # 

(EDFA)^ ^ ^-o> oi^ ^(surviving channelHHS} iL^ j7 oj 

4. £ 4S.^-B] , ^(drop)Alfl \±o} oi^ *fl^o) #^o] 3^§- ^ 5U 

<76> <= 4 6fl^, £^£r ^ ^(drop)7> -f ^^-2.5- ^BT>7l A] 

ojofl Hl«fl j DCRA(^112^:)^ 
EDFA(^13^-)^ ^(drop)7> iHStb ^ ^*}7l nfl^l a!# x]<£o) 

9X^), DCF°fl a| 5] ^o] Al^C^, Al^^-ol DCF» *^>^rfl ^e)^ a]^) 

°fl Sfl^W. EDFA(^13^-)21 #^ol ^>ola.e)= ##7l(HFA)^ #^31, <y^c>l 

3dB °fl ^<=»> 5*1^ *fl^ #^ igsHr 2.2 <M 3} °- ^- ^ oicf. o]Eit!: #3 

€3H=r ^^^] ^. 7 >^*>7ll ^Cf. 

<77> 3E. 5^r afll ^Al^ofl uJ-b). ^ ojs. ^ 7l -^ ^-AlS-fr nfl #^6flA^ 

3fS.-g-^Aj.^. ^.olji oluf. £ 4oflA^ d}^ 7 }x1s <y ^ *fl\| ^ 3dB ^ iE^r ^7}S\<3 

Sj- ^-cf. SEtt, £5^1 ^^H^ DCRA(^12^-)^| ZL^ a] i*| , o]ofl ttj-ej- DCRA( 

^12^)^ 5L<# se^- 4 o] ^sj.^ ^ ^ 

<79> ^A]«5fl6fl rtj-^, *fl^ #i(drop)7> * #^o] ^^7l A}^ nfl^A] 

3 Al^V Jl^^H, LD^ *||<H*M nfl-g-o]}, U-o)- oi^ 5fl^Sl #^ £^ 

£ 5^ ^-o] ^cf. £ 3dB «fl tf d > ^fl^^ #^ +/-0.5dB 

o]fi[5L*] o]^o) ^%s)o] ^0.^.^01 o^^£)^^ ^-o]^- ^ clef. 
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<8i> £ 6°fl*lfe oj^oj -2dBm°a «fl °1^4 ^-^1^(NF)S =^*r &°H=h £6^H , ojs. # 

-8: sfl^4| 4^ tflsf 25dB# 7>*H, +/-0.5dB 7>^ltq-. nf^ 5dB^*>2l 

<82> *flvg ^ 7 > 3dB ^5)<H <a§H -5dBm<y ^-f, ojs. ^o. # ± ^ v}^7}^]S, «£J3j*> 

NF^ #°}*! 1- ^ cf^l <ye] *fl^7> 3dB #^(drop)£)°l <a3°l -86M91 

<83> o] <£6\]*] ^t^^v X)!^ 3g S 34-^1- jh^a]^ ^fl, DCRA^ EDFA£] ^= sj-^^ 

°l^r <£i^i , ^ *<H) 9X^ *D^<Mfe- 3 ^ NF ^ ^cf. 

1-^- IS r4s. a}^ °]^ XH 3S<H1 ^1<=H (K. Motoshima f-Hl «1<5]- 

<85> ^ f %MO. ^S. 7 ]9) °m*}Sr S^E^H XH» ^^*>7l nfl&°fl, zj- o) 

<86> l-*fl, DCF^H^ ^o] A]^ ol^-^>C^ Aljr^o] £ 3V Al^Vofl x| 21=1-4 XI 3^ 

(transient effects)* %-^} ^XH^J 4 1 &t}. 
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<87> 7 \^9] EDFA°fl *\ ^IJl^-o] o]s. «.s.oil ^, ^M^H a] 

J*fl* 2^ nfl^M x]<£°] *$7}B-3, HB1--E- ^^2] afl<H 5)S.# o] ^o.^ ufS-g- 

# 3.7]} ^on}, o}^. *&#Al7]7l <?^H -g-^£7> cfl^l 

*H<H-¥- ojS- 5)^.1- ol-g-^o> 

<88> ^fl, X)i ^o] sj.^ 7 |. jL^jq^ ^ *flv| #<H=fe ^-fafl *)]l 

^> ^(surviving channel)^ 3^ ^7l# S^- £*H #£-*l^r 

(NF)7> C-l ^-o>^7l nfl-g-ofl, U-of ol^ *fl\t°fl cflsflA^ ^-0.^1^0) ^Z-^S ^-*J"*> 

<89> • £ 70. ^ # a 43 3]^ XH 7Mb ^2 ^aH°H 4^ ^ o. 

<90> c 76 fl til-sq- ^-ol, ^ wVtgo} ^ 2 ^AHl°fl ccf= ^ o_ ^M.y)^ X]l^ ^S. 7 ) 

91 EDFA(IOO), *\]2& #^7]o] ^a>^a o v 5}u> #^7](DCRA)(200), ^)3^ #^7l<=Q EDFA (300), 
^^(GFF)(400)^ 7>>^ #^ nj-fl efl^ *l|<H-¥-(600)* i^W. 
oi> a. X) 1 itj-g., EDFA(IOO), DCRA(200), EDFA(300) % o]h jg^. Jge] 

(400)^1 7l^ ^ £ loflA^ 7]- £ ^^J. ^o) ol*>6j)A^ f^-S^ 

<92> £ yoflAi, ^ ^3 ^ ^ xH^-(600)tt ^(610), # €3(620), # ^#71(630), 

^]^^-(640) m ^<$ 3M#(650)^- S^rtK 
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<93> %mo_ ^^ aiQm ^ ^A>sl^ <g?^ - c£* 7} ^(610)* -f-tfl ^ #^ sj-^ 

^cH«-(600)S # ^1(620)^ ^(610)<^l^i £-5}^ ^^Hq-I- 

s-^g 4^-o| nv-g. -f-^AlTjc}.. nflo] (620)^1 S]*fl €^sq^r ^ 4^ A] 

S ^fl^# ^^oj^ul-, o]^ >i^( S pan)^) #<g^-7HH ^-7>^o.S. iLLfl§ 

<94> <^7H, ^(610))^ #^(620)^ 7M -g-AHl - o}^ 

WDM( wave length division multiplexing) ^H-&|S. tflafl^ ^rS. 
<95> # ^#71(630)^ ^-^Ei (620)1- s-^ s)-^ ^-sj-^ofl tfl-§-^ ^7)^1^* # 

<96> ^0^(640)^ # ^#71(630)5.-^- B\ ^ ^fl^^l tfl-§-*Rr # 

^ Bfl olM.( 6 50)^ ^1^«.(640)^1 °J 33*r a]s tfl-g-^Rr |SLD 

^ ^ ^ 7^ 0 vs>zl sa^. 

<97> £ 8^ *fl2 ^Al^ofl rcf^. #^ efl^ *)H «o>^-8: M-eHI^- S^olrf. 

<98> £ sofl 5LAl*V H >sq. ^ol ; «-( 64 o)^ oi^ *flv|<i) Bj.-g ^.g. s.u|e^ 

*Kn(S200), ^ 3l°ll:(540)* 3*1 *H ^sHel ^ °J ^ *m sMqofl *fl^}^ 
3h>Hflt}. (S210) ZLBlJl, DCF^ ^H^K^l DCF1- -f-s^Hrt-fl «fl^*Rr 
*l<S*m ^(S220), ^-^^01^.(650)3.-^- E] sj-^ofl 7}^}^ LD^I 

3M9» S^t!^. (S230) H^JI, *)H-*jM=r ^7l *V ojs. *\)o] wJ-^-g- ti>4^ ^*8t!r 
t}. (S240) 
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<99> £ mJ-^o] ^A]aflofl ^ efl^ *)H wV^-g- o_s_ 

^H-¥-(640)7> ^-^ ^ofl cfl-^-^ 41Jl7} ^ ^t!: ^-9-, °J 

3 S^xr ^5. LD(230,320,350)^ ^ ^ Eflo]-g-( 65 o)^ «-^| 910^4. zl^jl, 

3M#(650)S-^Ei gjo^ ^ LDC230, 320, 350)1- °] nfl , 

^12 ^Al^ofl a]-s^ ; ^cf 71(100)^ LD^ J^flfe DCRA(200) 

^ LD(230)s+ EDFA(300)^ LD^ S^fVcf. SE*h l^fi] ^2 ^aHH rtfs^, 

01^ ^h^sj ^ ^(rangeHH^ ^1^ #-3-7] (100)^) LD^ EDFA(300)£] ^ 

= LD(320,350)^ ^» , DCRA(200)£] ^H. LD( 230 )«?}-§- ^13^ ^3 

<ioo> 5L 9^r ^12 ^ ^ #^ *M 7)^-o] ^ o. ^ 

<ioi> 01 ^o] -2dBm (80*fl\3, *fl\t # -21dBm)^ 7l$^.S iL^ , °l^hg- 25 dB, NFtt 5dB 

°1*>^ 23dBm ^, 4dBmA^. ^sl&i}. ^ ^sj-*> 

°1 +ldBm (^^^- -18dBm)A^ £s>St-£ nfl 2 2dBS ^S\9X^ , NF^ S-g- 14 

°1 nfl #3£r £3 ^-f^ u^S 23dBm°M 4dBm°l $-x]S\<£^. ^ £ 

*2oj tgs^o} <g^o] -8dBm (^fl^ 1 ^- -27dBm)A^ ^sM^* 31dB°M NF^ d) f=- 

°>^i4. °1 nfl #^^r 23dBm°-3. 4dBm°-^ SMH^ °1 ^iMH, *)U ^ ^ 

3-71 Q 43 ^7]9\ ^H^^ ^^]7l^l ^12 ^ ©I DCRA(200)^) 

l^ D lf ^^m^. A ^^>fe +/-0.5dB5. °m (gain 

flatness)7> ^ ^1^^ ^J* # ^, ^Sj-7> +3 - -6 dBS ^-^1 €■ 
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<103> ofl^tfl, ^AHHH ^tg^j. ^ o]S. afloj 71^4 7>-^ #^ 5fl^ 7}^ 

<104> St v > ^ « s V^o^ ^Al^o|lA^ ^ICf ^3^- ^71^ EDFA1- AV-g-^^O.u)-, ZL 

^ ##7l oil^cfl, sj£^ ^7} ^-fr #^7l, e}nV #471, a>i^l ^7l , 5LS}-5L #^7l , 
2|-eHl (Parametric) #^7l A>-g-^- ^5. 01 cf. 

<105> ol^-oflA^ ^^tb igj-^ofl *)U# #4-71 °1 ^HsJ.^^- S^5>^1 & 

JL *\}2& SL^r ^13^3- #471^1 3g s 2}-^ S^^H AGC, ALC^l 7l## ^ 
<106> a^V, ^V^^-n-^ ^H?! ^#^r *1<2^ *l]2# *fl3^ #^7l^ 
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[^*1^«^] 
1] 

^1 2 ^-a-^- ^12 eflol^ cfoj^c^- 7H^, #7l ^11^- ^71^ #ej ^ ^ 

#*V°i ^ ^^a] ^12^3: ^71; 

*fl3 ^-B-^- *ll3 zlH*! t^ol^c^. 7]-^^, Aj- 7l ^2^. ^7lS^-Ei #^£)^ 

#-8: ^<5>^ ^13^ ^7]; ^ 

-31, ^3 # ^HN^ <££|-X| Aj. 7 ) ^lic^ ^7l^ Aj- 7l ^1 jg = ^1 ol 7-1 rfol^^o] 3fla ^ 
:n.^m ^fl #71 ^2^ ^^7lSl A o y 7 j ^ 2 elM*1 rfol^c £ ^ ^ 7] ^ 3 cj ^7^ 

#7l ^13 efl o] x-1 cfol^c |H ^HsH °)^^r ^ 7 |.J£ o]s. 

2] 

*fll ^-B-^- *U 3M*1 nfol^.^ 7 >^H, oj^ ^ ol^.c. S f^*Rr 
*fll# ^71; 

2 ^-B-fif ^12 Cfol^.^ 71-^H, Aj-71 ^7)9] #^«T ^A] 

*H e}^°l^-^- ^M8*]7]fe *fl2# #^-7l; 

^13 ^^-B-^l- *|13 sg = ell °1 ^1 ^°1^. = 1- 7>xH, Aj- 7 ] ^] 2 cf ^s. 7 l^«-Ei #^£l^ 
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#7l *)U# ##7]ofl <y^£]^ ^ ^^-1- ^#*H ^ ^"Sf^^ 
^la^Jl, ^ Sj-^S] ^^-A] # 7 ] ^fll^ ^7} 2] #7l 

cfol^o^ ^ ji^a]^] 5fl #7l *U2# #^71^1 #7l ^ 2 ^Heflol^ tM£j= SL^ 

#7l *H3<£ ^71^1 #7l 7\}3 ^1 o] ^ cfol^^o) 3*HS|» ^ojsH <^*V #^ 31- 

^ 31 1# ^ ^ ^ s}.^ efltg aflo^^. i^>^ ^ o. -i 7l _ 

3] 

*fll *)U 3§=E. elH*i cfo]^^- 7H^, ^ ^ ^ ols.o_ s ^*Hr 

*U<£ ^71; 

^1 2 ^-^-Sl- A]2 ^H. elH*l cfol^^- 7>^H, #71 *flP2 ^71^ #^ ^ =^ 

^ ^1^-* ^HM^fe ^12^- ##7l; 

^13 ^13 efl °1 ^ ^-^l^-^l- 71-xH, #71 ^12^: ^713.^13 #^5^ 
^ °)^SL2- ^*Rr ^13^ ^71; 

#71 ^l^r ^7H1 QJJ^. ^#*H W^oi i£j2H«-!- 

-S, ^3 # ^Sj-Al #7l ^7} 2] #71 *)ll ell °1 ^1 K±°}SL£.°] ^ 
-H^^l^l #7l ^12^- ^^71^1 #7l ^12 ^H. ell °1 ^ t}°l^i= lE^r #71 ^13<£ #-^-71 

#71 *fl3 ^5. sflol^ cfol^.^ sf^-i- ^H§H °l^-§: ^JE-^ ^ ol^. 

#71 *lll# ^7H1 ^jasl^ o^«. # ^Al^ S.^ 5fl <33 #43^ 

^ *m$\ o] A o V 7] *fll^ #^7l 
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HelH^ cfol^c se^ ^-71 ^13^ ^7]^ ^-7] *1]3 51] °) z\ cfol^co^ jga 4^1- 

#3 ^ eflt* ^i^- ^ #^ sq-fl efl^g *fl<H«.§ s^-^ ^ 

^71 . 
4] 

#71 *fl2 ^-fKf ^iL-tf ^-^-^1 ?J-g: ^£1 ^ ^-fr ^71. 
5] 

^71 afll ^ o. ^-71 ^13 M-fRr ^#^7> ^-B-<?1 3* s^j ^ ^ o. 

^71. 

6] 

afll^ ifl*l ^13%> ^ & %H1 &<>H t 

^"71 Z\)2& ^7l<4 #7) *\)3& #^7] Aj-ojofl 01S.O] 5g E^}£^- 

*r ^7>S ^Wfe ^-R- ^71. 

7] 

*fll^ ^fl3*oHl 

^7] ^ o]^- 

#71 ^1^ ^71^ <^ ^ ^X\^ > og^^- ^.o] 4^ofl tfl-g-*}^ ^71 
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JL, #sHe1 ^ sM^l tfl-S-^Rr 43 3. #7l ^12 eflo]^ Cfoj^c a o v 7 i 
*fl3 4°]iHf ^H<5Rr ^H-^-I- 5Ef-*Hr ^-fr #^7l. 
8] 

^-7) ^7} ^>iL4 V ^-fr^ ^o)A}^ uV^-g- ^^Al^, ^"71 ^2 ^5. eflo] 

*i ^-ol^-E. 3^ ^-71 ^3 ^ ^HlsRr sJ-g- ^ °-3- *Vfe ^ 

71. 

9] 

^71 ^H^l #71 ^Is&H cfl-§-§>^ eflo]7^ t^l^ccq ^ ^s. ^ 

A oM ^M^TT ^7l ^ ^#713.^ ^7l^^7> ^ ^Jll ^-f, 

^ ^ ^ 7l^S ^>7l 2fl2 AgH. 3H*i tH£.:E. E ^ e fl 

[^^8- 10] 
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*W eflt alH^Rr 

A oM ^EiS-^-Bl 4ip3 *fl^S] ^ ^ofl ufl-g-^ ^7lA]^l- % 

^#71; $ 

^-71 ^12 2*M*1 cfoj^c SE^ ^-71 »13 ^ JEE. eflol^ cfo]^^.§ aflo^}.^. 

♦ i^Kr ^-B- ##7l. 
[^T 1 * 11] 

*!ll0^°fl Sl^H, 

^71 ^12 ^-fKr ^>£L^ ^-fKM, 

^-7) # 7 ] ^-aV^V #^o.o} ^olAl^>n>^ ^a]^, #71 ^2 ^H. efl ol ^ 

nf^l^ ^-71 all 3 ^H. eflol^ cfoj^cs. ^c^^ ^ ^-fh #^-7] 

[^t 1 * 12] 

*U0^1 9X°]*), 

* 7^^>J1 SHl^ ^7}S. S.^}^, 
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^ AJ !*H , ^ #ff- 7]^S. ^7} X|2 ^ = efl°l*l CM^JE. £ ^ ^-7] 

[^t^ 13] 

XU XU eflo]^ cfol^c^- 7 >^^ og^ ^.o. ^ X| 

1# #^7l, X|2 ^-B"^ Xl2 Cfoj^c^- ^"71 X]l<2 ^7l^) 

^a]§>c^ e}-nVols.^- iHH^ XI 2^ ^#7l, ^ Xl3 ^-f}-^ X]3 ^ &flo]^ cfol^ = ^- 

(a) XI 1# ^7}o]} 0^ ^.g. £L )E|^f^ 

(b) £3*-^ <8 3 sHH *fl#*Rr 4^1" ^Hr #31; £ 

(c) ^"71 ^efl^l ^S. sj-^ofl 7l^s><^ ^-7] xl2 ^H. elH^ Cfoj^c ^i=. ^-7] ^3 
ejM*] cfol^co^ sHq-l- XH^H ol^-i; <^£L^- S>±f t£X1« 5E^-*Kr # 

14] 

XI 1 ^K]^ XI 1 ^H. efl ol ^ cfol^c^ 7 }*H ^ ^ ^-*Rr 

XlH£ ^7), X12 X12 ^H. SIM*) cfoj^c^ ^ ^ 7 ]g] 

* 1^*1 7)^ X12^: ^7], ^ XI 3 ^-B-i4 X]3 eJM^ cfo)^c 

# #7] XI 2^- ^^7lS-^-Ei #^S]ir #i ^ o]S-C_^ ^*}^ Xl3# ^7l# i 
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(a) #71 XU# ^7}°]} <$n5)±r *fl^ 3**1 ^ ^S}-* S.U) *y 

#31; 

(b) #3He1 ^ *fl\i£l ^ ^$)o\] n^\±r ^5. 4^1- ^^Rr #31; ^ 
^ efl°l7i cfoi^co^ ^ H. s^-i- XH*H °^ ^ & #^ 43 ^S.^- *Rr #31* 

15] 

Xll3%> SE^r X| 14^-«H1 31°]*], 
#7l XI 2 ##-fHr £#Ji# 

A oM #31 ( c )^ #71 ^-#iL# ^-H-^ ^olAjTi #^-# *}<£*}?], #7l XI 2 ^gH. ^1 
°)z] tMiLE. 3^ #7l XI 3 ^ = eflo]^ cfcl^ = i ^ ^-B- # 

#7i^i XH^. 

16] 

Xll3%Hl SH-H, 
#71 #31 (a)fe 

#71 XU# ^7Hl <^sm <^«. # -a]^ #xi; 

#7l #3HH <a^£l^ ^9] 3}-<$d\) Efl-g-S}-^ ^71^1^1- #^*Hr #X1; ^ 

#7l #^5)^ ^71^]^ #61) 7} 2,*}^ °m % ^^-O^w-S- *HH.*Hf #X1-I- 5E 

3-8-8- ^#7lsi xi<W3. 

33-28 



1020030016113 #^ <^*}: 2003/9/17 

17] 

*fll4%Ml 9X°]*\, 
( a )fe 

18] 

^71 #7fl (b)£r 

€71 ^Jl £M ^^^] oJJJL^. afl.3.*Rr #7fl; ^ 
1^$. ^7] 3JM 7g Eflol^^LEi ^1-71 #71 A]jL #<*fl tfl-g-^ ^ 

19] 

*fll8%Ml 91°]*\, 

^7)1 (c)^ 

^"71 z]]o)^s.^.b\ %*J\i& ^ 7l^S ^71 ^12 ^5. eflo]^ cfol^ 
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